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Summary
Introduction: Treatment of anteroinferior shoulder instability by arthroscopy must restore sta-
bility while preserving joint motion. Inferior glenohumeral ligament (IGHL) laxity is an important
parameter in the pathomechanism of this condition. The goals of this study is to use the Shoul-
der HyperAbduction Test (SHART) radiological test to quantify the tension in the IGHL following
surgery and look for an eventual correlation between ligament tightening and joint motion.
Methods: This was a single-center, retrospective study that included patients with unilat-
eral anteroinferior instability who were treated with an arthroscopic Bankart repair between
September 2004 and December 2005. These patients did not experience any recurrence within
a follow-up period of at least 2 years. Twenty-three patients were followed-up. This series
included 16 men and seven women with an average age of 29.7± 12 years. The average Insta-
bility Severity Index Score (ISIS) was 1.7± 1.3 (from 0 to 3). The main outcome measures were
the bilateral SHART test at the last follow-up visit and bilateral joint range of motion, before
surgery and at the last follow-up.
Results: The follow-up was 3.3 years on average. The average SHART on the operated side
(116.9± 11.7◦) was lower than the healthy side (121.9± 9.6◦), P = 0.01. A difference of less
than 4◦ was statistically related to loss of external rotation, with an odds ratio of 16, P = 0.03.
At the last follow-up, the average Walch-Duplay functional score was 72.4± 13.8/100 and the
Rowe score 90.2± 11.6/100.
Discussion: It is difﬁcult to achieve a perfect compromise between shoulder stability and joint
motion. Progress in arthroscopy technique has led to a greater demand for the tightening
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of capsulo-labral and ligament structures. An arthroscopic Bankart repair provides IGHL tighten-
ing that is quantiﬁable with the SHART. External rotation is reduced when excessive tightening
is made.
Level of evidence: Level IV. Retrospective study.
© 2011 Elsevier Masson SAS. All rights reserved.
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lIntroduction
Chronic anterior shoulder instability is a common problem
both in the general population and athletes [1,2]. Arthro-
scopic Bankart repair is a surgical option that has been
available for many years. The goal of this repair is to restore
shoulder stability while preserving joint motion, and thereby
function [3].
The contribution of inferior glenohumeral ligament
(IGHL) laxity to the pathophysiology of anteroinferior shoul-
der instability is well known [4,5]. The incomplete healing of
a Bankart lesion can be easily identiﬁed with an arthro CT
scan, but it is more difﬁcult to evaluate the correction of
inferior laxity. Clinically, many tests have been proposed,
particularly Gagey’s hyperabduction test [6]. This test is
considered positive if the passive unilateral amplitude is
greater than 105◦. Coste et al. [5] compared this clini-
cal test with arthroscopy observations. Starting at 30◦ of
clinical difference, the entire IGHL was stretched and the
anterior band was thinner. Vuillemin et al. [7] proposed a
radiological version of this test, the Shoulder HyperAbduc-
tion Test (SHART). This study showed that the angle formed
by the humeral shaft and a line traced between the infe-
rior border of the glenoid and the edge of the tubercle
on the lateral border of the scapula is a measure of IGHL
laxity. In a group of healthy subjects, the average angu-
lar difference between the two shoulders was 4◦ and never
exceeded 14◦. More recently, Jouve et al. [8] showed that in
a population operated for chronic anterior shoulder instabil-
ity, the SHART was correlated to the arthroscopic anatomy
classiﬁcation of IGHL injuries proposed by Détrisac and
Johnson [9].
Many studies have found that postoperative joint motion
is reduced, especially external rotation, after both arthro-
scopic [10,11] and open repairs [12]. Function and patient
satisfaction are affected [13]. The goals of this study were
to use the SHART to evaluate the tension in the IGHL after
arthroscopic Bankart repair in patients who have not had a
recurrence of dislocation and to look for a potential relation-
ship between ligament tightening and the change in joint
motion.
Patients and methods
Inclusion and exclusion criteria
This was a single-centre, retrospective study conducted
between September 2004 and December 2005. Patients with
anteroinferior shoulder instability treated with an arthro-
scopic Bankart repair were included. Patients with bilateral
instability or those who had a recurrence before the cut-off
s
t
wate were excluded. All the patients meeting these criteria
ere called at least 2 years after the procedure.
utcome measures
he main endpoints were a bilateral SHART test [7] at least
years after the procedure and joint motion in the oper-
ted and healthy shoulder, both preoperative and at the last
ollow-up.
The secondary endpoints were the Walch-Duplay [14] and
owe [15] functional scores at the last follow-up, along with
verall patient satisfaction (yes/no).
atients
uring this period, 65 patients were treated with an arthro-
copic Bankart repair in our department. Two patients had
hronic bilateral instability and ﬁve had a recurrence (7.7%).
written notiﬁcation was sent to the 58 patients who
esponded to the study criteria. Twenty-three of them (40%)
ere available for follow-up.
This series consisted of 16 men and 7 women with an
verage age of 29.7± 12 years (from 16 to 65). The right
houlder was involved in 15 cases. The dominant shoulder
as involved in 60% of cases. In 76.4% of cases, the initial
rauma occurred during a sporting event. All the patients
ere involved in sports, but only two competitively. Racket
ports and rugby were the most common. On average, there
ere 4.4± 4.6 (from 0 to 20) subluxations and 1.9± 2.3
islocations (from 0 to 10) before the surgery. The aver-
ge Instability Severity Index Score (ISIS) [16] was 1.7± 1.3
from 0 to 3). Before the surgery, the anterior apprehen-
ion sign was present in all cases and the sulcus sign in 41%
f cases. Preoperative joint motion was symmetric: aver-
ge ﬂexion was 179.1± 2.3◦ (from 170 to 180◦), abduction
as 179.1± 2.3◦ (from 170 to 180◦), external rotation with
lbow at the body (ER1) was 59.1± 14.1◦ (from 40 to 90◦)
nd external rotation in 90◦ abduction (ER2) was 58.5± 12.9◦
from 40 to 85).
IGHL hyper-mobility, deﬁned as ER1 > 85◦ [5] was present
n two cases. Constitutional hyper-mobility (Brighton score)
17] was only present in one patient.
reoperative radiology
ll the patients underwent standard shoulder radiological
xaminations: AP with neutral/external/internal rotation,
ateral and Bernageau views [18], along with a joint CT
can. No signiﬁcant bone defects were found either on
he humerus or glenoid side. All the patients presented
ith a classic Bankart lesion, either isolated or combined
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ith other injuries: six patients had a ‘‘Bony Bankart’’ and
ne patient had a Superior Labrum Antero-Posterior (SLAP)
esion.
urgery
he Bankart procedure was done by arthroscopy with three
ioabsorbable anchors and two portals, anterior for instru-
ents and posterior for the scope. The rotator cuff interval
as not closed. The results of the surgical exploration were
onsistent with preoperative imaging except for the SLAP
esions—a type 4 SLAP lesion was found in three patients.
ll the patients were immobilized with a shoulder sling for
weeks.
adiology at the last follow-up
he SHART measurement was performed as described by
uillemin et al. [7]. Non-anesthetized patients lay supine
nd bilateral AP radiographs were taken with the shoul-
er in neutral rotation and maximum (passive) abduction.
he angle between the scapula and humerus formed by the
umeral shaft and a line traced between the inferior border
f the glenoid and the edge of the tubercle of the lateral
order of the scapula was measured. Two evaluators (AM,
R) performed the measurements twice on separate days;
he average of these measurements was used in the anal-
sis. The  difference between the measurement on the
nstable operated shoulder and the healthy contralateral
houlder was also calculated.
tatistical analysis
ecause of the sample size, non-parametric tests were used.
or the unpaired groups, the Mann-Whitney test was used
ith quantitative variables and the Fischer exact with qual-
tative variables. For the paired groups, a Wilcoxon test was
sed with quantitative variables and the Mac Nemar exact
est with qualitative variables. We evaluated the effect of
ngular difference  of the SHART (difference equal to or
reater than 4◦ on one hand and lower than 4◦ on the other
and) on postoperative motion as a dichotomous variable
loss/no loss of motion). A logistic regression was used to
stimate this risk with an Odds Ratio and 95% conﬁdence
ntervals. The Spearman coefﬁcient was used to test the
egree of correlation. A P value below 0.05 was considered
s statistically signiﬁcant.
s
r
t
s
Table 1 Range of motion of the operated shoulder before surger
Preoperative (1)
(average± SD)
Last fo
(avera
Flexion 179.1 ± 2.9◦ 176.5
Abduction 179.1 ± 2.9◦ 169.1
External rotation 1 59.1 ± 14.1◦ 45
External rotation 2 58.5 ± 12.9◦ 45.6A. Meyer et al.
esults
he average follow-up was 3.3 years (40± 4.7 months). The
HART on the operated side (116.9± 11.7◦) was on average
ower than on the healthy side (121.9± 9.6◦), a difference
hat was statistically signiﬁcant (P = 0.01). The average 
as −4.9± 8.2◦ (from −16◦ to +13◦) with four patients hav-
ng a≥ 4◦ (from +7◦ to +13◦) and 19 patients having a < 4◦
from −16◦ to 0◦). Internal rotation improved on average by
wo vertebrae in 16 patients (69.6%) and was unchanged
n the seven other patients. At the last follow-up, all of
he other joint range of motion measurements were signif-
cantly reduced relative to preoperative levels (Table 1).
f the group of patients with an angular difference simi-
ar to a healthy population according to Vuillemin et al. [7]
4◦≤ < 14◦) and the group with an angular difference less
han the healthy population ( < 4◦) are considered sepa-
ately, the loss of joint range of motion is only statistically
igniﬁcant in the group with  < 4◦ (Table 2). In addition, an
ngular difference of less than 4◦ was statistically related
o a loss of external rotation, with an Odds Ratio of 16
P = 0.03). The average loss of external rotation (ER1) was
4.1± 13.4◦ for the entire series and 1.25± 2.5 for patients
ith an ≥ 4◦.
The average Walch-Duplay score at the last follow-up was
2.4/100± 13.8 (from 45 to 100), which corresponded to an
verage result. The average Rowe score was 90.2/100± 11.6
from 45 to 100), which corresponded to an excellent
esult. There was a weak correlation between the SHART
n the operated side and the Walch-Duplay score (r = 0.37,
= 0.07), but no correlation with the Rowe score (r = 0.16,
= 0.47).
Sixteen percent of patients had a persistent anterior
pprehension sign postoperative. Twenty-ﬁve percent had
eturned to the same level of sporting activity, 8% contin-
ed with the same sport but at a reduced level, 60% had
hanged sport and 7% had not returned to any sport. Ninety-
even percent of patients had no pain or weather-related
ain. There was no discomfort during activities of daily living
r work activities. Eighty percent of patients were satisﬁed
verall.
iscussion
his study has shown that in patients with antero-inferior
houlder instability treated with an arthroscopic Bankart
epair and no recurrence (of dislocation), the resulting IGHL
ightening measured and compared on bilateral SHART was
atisfactory, with an average angular difference less than
y and at the last follow-up.
llow-up (2)
ge± SD)
Difference (1) −
(2) (average± SD)
P
± 4.9◦ 2.6 ± 4.5◦ 0.01
± 12.4◦ 10 ± 12.8◦ 0.0004
± 11.8◦ 14.1 ± 13.4◦ 0.0001
± 11.4◦ 12.8 ± 13.2◦ 0.0005
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Table 2 Range of motion of the operated shoulder based on the bilateral angular difference at the last follow-up.
Preoperative Postoperative P
Difference < or = 4◦ (19 patients)
Flexion 178.9 ± 3.1 175.8 ± 5.1 0.01
Abduction 178.9 ± 3.1 167.9 ± 13.1 0.001
External rotation 1 60.5 ± 14.8 43.7 ± 12.2 0.0003
External rotation 2 59.2 ± 14 43.9 ± 11.4 0.001
Difference > 4◦ (4 patients)
Flexion 180 180 1
Abduction 180 175 ± 5.8 0.15
External rotation 1 52.5 ± 8.7 51.2 ± 7.5 0.31
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14◦, which is comparable to a healthy population [7]. We
also found that an average angular difference below 4◦ was
strongly related to a loss of external rotation.
Turkel et al. [19] were the ﬁrst to show that the anterior
band of the IGHL acted as the main anterior stabilizer when
the shoulder was in 90◦ abduction and external rotation
(throwing position). Many studies have conﬁrmed the role
of the IGHL and its different bands in the pathophysiology
of glenohumeral instability [6,20—22]. Arthroscopic stabi-
lization has two goals: recreate the glenoid concavity by
reinserting the labrum [23] and restore capsular tension by
shortening the IGHL at the anterior band and axillary pouch.
Ineffective IGHL retensioning can result in failure of the sur-
gical stabilization [5]. The evaluation of ligament injuries,
especially the IGHL, is extremely difﬁcult but essential to
the treatment decision and objective follow-up of the repair.
The SHART is a simple, validated test to evaluate IGHL laxity
[7], that is low cost and correlated to arthroscopy observa-
tions [8].
A Bankart procedure, performed either open or by
arthroscopy, results in less external rotation [10—12]. The
results of the current study are comparable to published
results. The biggest series [24—26] found deﬁcits from 8◦ to
15◦ for ER1; the current study found an average deﬁcit of
14◦. This external rotation deﬁcit might be related to the
success of the stabilization.
When the external rotation deﬁcit is too signiﬁcant, set
at 30◦ for ER1 and > 30% for ER2 in different publications, it
results in a reduction in the functional results. Less tight-
ening has been correlated with less reduction in external
rotation and better functional results, however apprehen-
sion still exists.
In the current study, the difference found between the
Walch-Duplay and Rowe scores can be explained by the
fact that the Walch-Duplay score is more heavily weighted
towards a return to sporting activities and external rotation
deﬁcit. In this series, only a small portion of the patients
were able to return to the same level of sporting activity
and there was a notable external rotation deﬁcit.
Two out of every 10 patients were disappointed. The
lack of satisfaction was mainly related to two aspects:
postoperative pain that was felt to be too great for a
‘‘minimally-invasive’’ technique and inability to return to
the same sport and/or same level of sport because of appre-
hension and external rotation deﬁcit. Rahme et al. [13]53.7 ± 8.5 0.56
howed that loss of external rotation increases the risk of
atients not being satisﬁed.
This study has a number of limitations. Only 40% of
atients were seen for this study and there were few
atients (initially). This was a retrospective study and the
HART was not calculated before the surgical procedure.
t the time, this type of examination was not yet part of
he systematic preoperative testing performed for chronic
houlder instability in our department. We also were not
ble to derive a preoperative functional score based on anal-
sis of (patient) medical records.
onclusion
n arthroscopic Bankart repair results in IGHL tightening
hat can be quantiﬁed with the SHART radiological test.
xternal rotation is reduced when excessive tightening is
ade.
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